Statement of the Problem: Currently, two major methods have been introduced for bone age assessment using left hand radiography. The first approach is Greulich and Pyle, which is very subjective. The second method is Tanner and Whitehouse, which is very time consuming and its morphological criteria are not quantitative, therefore it is hardly used.
Introduction
Bone age assessment and its comparison with chronological age is a common measure for diagnosis of pediatric syndromes, growth disorders, and endocrine problems [1] . Biological development is more accurately described by bone age than chronological age [2] . Bone age is also used to predict final height and for correcting bone deformities when orthopedic surgery is planned [3] . Bone age assessment is mainly based on recognition of changes in maturity indicators in hand radiographs including calcification centers and bone morphological features [3] .
The most common method to evaluate bone age is using Greulich and Pyle atlas (1950) [4] . Using this approach, the radiologist compares an individual's hand radiograph with a series of standard images in the atlas.
The most similar image is selected and its age is considered as the individual's bone age [3] . Simplicity and speed in bone age determination has made this atlas the most popular method; however, this approach is very subjective. Inter-observer reading differences ranging from 0.37 to 0.6 years and intra-observer reading differences ranging from 0.25 to 0.96 years have been reported [5] [6] .
A more subjective method was introduced by Tanner and Whitehouse in 1975 [7] . Using this approach, bone age is determined from the sum of developmental scores from twenty ossification centers [7] . Since this approach is both complicated and time-consuming, it is rarely used.
With the advent of digital imaging, many investigators have tried to develop computer-based methods to determine bone age. Currently, several software have been introduced that can extract morphological features from hand radiographs and assess bone age regarding these informations. However, converting these morphological features into quantitative measures for bone age determination has been hindered due to the great variability in development of multiple bones in hand and wrist [8] [9] [10] [11] [12] .
Regarding the wide usage of Greulich and Pyle atlas and its shortcomings, we have tried to find and introduce indices that are more objective in hand radiographs and subsequently, using them as an accessory data to increase inter-and intra-observer reliability in bone age determination.
This study was conducted to evaluate the correlation between skeletal age and 2 nd to 5 th metacarpal bones length and width and 2 nd to 5 th metacarpophalangeal joints length and width and to determine their normative values so that they can be employed as a quantitative measurements in assessing bone age.
Materials and Method
In this study, we enrolled 304 digital left hand radiographs out of 333 radiographies available from normal Asian subjects that were derived from digital hand atlas data base system (available from http//www.ipilab.org/ BAAweb/) [13] The system includes 1103 left hand radiographs from normally developed children of four races: Asian, African-American, Hispanic, and Caucasian, both male and female. These radiographs are available for education and research only.
Exclusion criteria comprised of the subjects that were chronologically younger than 3 years (27 cases), and radiographs with unacceptable quality (2 cases).
Each radiograph was read by two radiologists using Greulich and Pyle atlas and the bone age was assessed based on their agreement. For measurements, first, the resolution of every image was determined using Photostudio (version 5.5). The resolution of all radiographs was equal to 250 dpi (dot per inch).
In the next phase, Adobe Photoshop CS5 Extended (Middle Eastern, version 12) was used for image processing and measurements. The processing phase was conducted for sharpening and edge detection, during which smart sharpening filter was used. It was set on 500% and 5X radius. The measurement scale was appropriately customized regarding the resolution of images (250 pixel=25 millimeters). All measurements were acquired in millimeters. 
Results
In this study, hand radiographs of 155 female subjects (50.99%) and 149 male subjects (49.01%) were included. Chronological age of female subjects ranged from 3 to 19 years (mean=11.96) and male subjects ranged from 4 to 19 years (mean=12.27). Table 1 In 2010, Thodberg et al. [16] introduced new software to determine the pediatric bone index, using metacarpal bones length, width, and cortical thickness. However, these measurements have never been compared with bone age, and the measurements were used to determine bone mass in children. Nevertheless, these studies and similar researches have introduced software, which can measure bones and joints dimensions faster and more accurately, which can be used to accelerate extracting and utilizing these measurements for bone age assessment.
Regarding the results of this study, metacarpophalangeal joints measurements (especially length) and metacarpal bones length have revealed a strong correlation with bone age; therefore, we primarily suggest these values to be used as accessory indices in bone age assessment.
Regardless of the significant results of this study, In this study, we have only enrolled Asian subjects.
However, African-American, Hispanic, and Caucasian subjects can be further investigated and their normative values can be extracted.
Another limitation of this study is that these measurements are useful in normally developed children within normal range of body statue; such developmental problems should be investigated with traditional methods although they are more subjective.
Conclusion
A strong correlation was found between bone age and metacarpal bones length. Similarly, metacarpophalangeal joints length also showed a close correlation with 
